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(57) Abstract 

An effective electrically insulating film (4) on the 
surface of a metal object, such as a common type of electric 
motor core assembly, in which the surface includes an 
interior comer on which Insulation (4) is desired, can be 
formed by autodeposition with an adequate thickness in the 
interior comer without need for excessive thickness on the 
other parts of the surface that are more readily covered 
by prior art methods of applying an insulating coating 
(4). If the autodeposition composition used includes as 
Its primary film-forming component a copolymer of certain 
acrylic monomers, a very high volume resistivity can be 
achieved. 
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' Description 
ELECTRICALLY INSULATED METALLIC SURFACES WITH INTERIOR CORNERS 

Field of the Invention 

This invention relates to (i) methods for coating, with electrically insulating 
films, metallic surfaces with interior corners, (ii) articles of manufacture so pro- 
duced, and particularly (iii) electric motors containing them. More particularly, 

5 this invention relates to methods that can form an insulating film with excellent 
electrical insulating properties on the surface of . a sheet-steel-laminated motor 
core by bringing the surface of such a motor core into contact with an autodepos- 
itlng waterbome coating composition. , 
Description of Related Art ^ ' 

10 Many motor cores used, for example, in small rriotors, require electrical 

insulation between electrically conductive core elements and distinct electrically 
conductive windings in close proximity to the core elements. The insulation has 
generally been provided by an insulating treatment of the core elements. 

This insulating treatment has heretofore consisted of forming an insulating 

15 layer on the motor core surface using electrodeposition coatings, solvent-based 
sprays, powder paints, and the like. However, insulating layers applied using the 
aforesaid paints have a pronounced tendency to debond at the corners of the 
motor core, and the occurrence of this debonding causes these insulating layers 
to suffer from a diminished insulating performance. This has required that the 

20 insulating layer be thick. 

Recent requirements on motors have been for smaller size, thinner config- 
urations, higher performance (higher withstand voltages), and thinner insulation. 

Japanese Patent Application Laid Open [Kokai or Unexamined] Number 
Hei 5-300681 [300,681/1993] discloses a technology for reducing the thickness 

25 of the insulation. This reference teaches the formation of insulation with excel- 
lent insulating properties and an excellent corner-coating capacity. The insu- 
lation described therein comprises two layers with a total thickness of 50 to 80 
miaometres and is fonned by coating the motor core surface with an epoxy resin 
functioning as primer and then with a ceramic paint functioning as top coat. This 

1 
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reference stales sirtiply that the insulating layer should consist of multiple layers, 
« is not limited to two layers and. may consist of a larger number, such as three 
or four layers. This technology re<,uires at least two coating operations to form 
the insulating layer and thus Suffers from the drawt,ack of poor producUvily. 
Pf A f^tems lo Bf S"'""'' \!1 th" Invention 

A maior object of the present invention is to provide a method for coaUng 
the surface of laminated motor cores, or othe^ surfaces with interior comers, with 
an electrical insulating film wherein said method can shorten the insulatk« treat- 
operation, can provide a thinner electrical insulaling layer than heretofore 
available, and/or provide a surface mat has a coating w«h excellent eledncal 
insulating properties, in particular, a high-quality electrical insulating layer ,n the 
comers of the surface. 

K has been found that the desired thinner, high-quality insulatrng f.lm can 
. be generated in a shorter i,«ul*,g treatment operation by contacting a surface, 
especially that of a laminated ,™tor c«e, with an autodepositing water ome 
coating composition ccrprising a coatmg-fomting resin emulsion, acid. ox,d,z,ng 

aoent metal ion. and water, and by thereafter dryUig by heating. 

■ ,n speciflc terms..the present invention provides a memod for coafng a 
„ suface v^th at leas. c.e interior c«ner. preferably a comer fom«d by an ,n.«^ 
■ section between a substar*ially planar suface and a r»nvax arcuate surface so 
.ha, the corner includes a deeper recess than would be formed by intersec^on 
between two mutually perpendicular substantially plartar surfaces. «nth an ele^ 
toi insulating film. *aractenzed by formir« an eleculcal Insulating film on the 

<>ft surface bv steps of: 

,„ deposi^ng an uncured resin film on said surface by bringing the surface 

into contact with an autodepositing waterbome coating composition com- 
prising, or more preferably consisting essentially of, a coating.fom,.ng 
resin emulsion, aad, oxidizing agent, metal ions, and water; and then 
(11) dryhg the said uncured res*, fih,. While it rema^is in place on the surface. 

by heating. . 

The present invention also pravides an alternative method for coaUng 
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such a surface with an electrical insulating film, characterized. by forming an elec- 
trical insulating film on the surface by steps of 

(I) depositing an uncured. resin film on said surface by bringing the surface 
into contact with an autodepositing waterborne coating composition com- 

5 prising, or nhore preferably consisting essentially of, a coating-forming 

resin emulsion, acid, oxidizing agent, metal ions, and water; 

(II) contacting said uncured resin film with an aqueous chromium-containing 
solution; and then 

(III) drying said uncured resin film, while it remains in place on the surface, by 
10 heating. 

ipther embodiments of the invention include liquid autodeposition coating 
compositions especially adapted for use in a process according to the invention 
and articles of manufacture including a surface coated by a process according 
to the invention. 

15 Brief Descrip tion of the Drawings 

Figure 1 is a tbp view of a typical shape formed from metal sheeting for 
use in making a motor core. Several such substantially identical shapes are lam- 
inated together in a pressing operation to form part of the desired core, which, 
in a top view, has the same shape as the single sheets from which it is formed. 

20 The core has a plural number of projecting poles 1, and the distal ends 2 of pro- 
jecting poles 1 have convex circularly arcuate surfaces. When several such 
shaped sheets have been laminated together, each projecting pole has four 
substantially planar surfaces: a top (the only one visible in Figure 1), a bottom, 
and two sides. The core also has interior convex circularly arcuate surfaces 5 

25 between the projecting poles 1 

Figure 2 is a sectional partial view, on a larger scale than Figure 1 , of the 
area between two of the projecting poles 1 in Figure 1 and of the Immediately 
surrounding parts of these projecting poles and of other materials which are part 
of a completed core and are at least partially situated between each pair of poles, 

30 (In a conventional completed core, the area between each pair of poles is 
substantially identical). Each projecting pole 1 is wound with windings 3. In the 
absence of insulation between the projecting poles 1 and windings 3, the wind- 

3 
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. ' ings would short circuit to each other through the core and the motor would not 
function Therefore, insulation 4 is required between the core and the windings 
and is generally provided by a treatment of the laminated core before the Wind- ' 
ings are applied. 

pp ^aiiftd Desc ri ptinn Including PrpfprrR d FmbodimentS 

The invention will be described below primarily with reference tp motor 
cores of the type noted above. However, the invention is useful, mutatis mutand- 
is for other applications in which thin insulating layers on metal substrate sur- , 
faces that Include inner comers, partibularly such comers as are formed by .nter- 
sedions between substantially planar and convex arcuate surfaces, are needed. 

The invention is applied to motor cores fabricated by laminating a plural 
number of metal sheets. While the metal used for this purpose is not cnt.cal. 
sheet steel is ordinarily used. The method for laminating tfie sheet steel .s also 
not dritical and techniques such as press operations and the like may be used. 

The autodepositing waterborne coating composition used in the present 
invention contains a coating-fomiing resin emulsion, acid, oxidizing agent, metal 
ions and water, and may also contain optional components. 

The resin in the coating-fom^ing resin emulsion used by the present .nven- 
tion is exemplified by acrylic resins, vinyl chloride resins, vinylidene chlorule res- 
, ins. urethane resins, epoxy resins, and polyester resins. The resin used by the 
present invention may also be a mixture of any combination of the aforemen- 
tioned resins. 

Acrylic resins are particularly preferred and are exemplified by the homo- 
polyn^rs and copolyr^rs prepared from (meth)acrylate ester monomers, (meth)- 
. Tcryllc add-lype monomers, styrene, ethylene, and the like. The copolymers 
c„r«isto.twoor more selecUonsfromscchmonorr«rs.The(meth)ac,yl3te ester 

monom^ «a exen^Hied by methyl acrylate, ethyl acrylate, n-butyl acrylate 2- 
hydroxyethyl acrylate, 2-hydrowropyl aoyiate, 2-ethylhexyl acrylate, methyl 
methacrylate, ethyl methacrylate. n-butyl methacrylate, 2-hydroxyethyt methacryl- 
. ate 2.hydroxypropyl methacrylate. glycidyl acrylate, glycidyl methacrylate, etc. 
The (melhjacyiic acid-type monomers are exemplified by acrylamide, metha- 
crylamide, acrylonitrile. acrylic acid, and methacryllc add. 



4 



wo 97/30794 



PCT/US97/02667 



Polymers of a mixture of monomers including at least one selection from 
each of the following groups are preferred over other types of acrylic polymers: 

(A) acrylic and methacrylic acids; ' • 

(B) esters of .acrylic and methacrylic acids with alcohols containing from 1 to 
4 carbon atoms per alcohol molecule; and 

(C) acrylonitrile, methacrylonitrile. acrylamide, and methacrylamide. 
Preferably, the mixture of monomers also includes: 

(D) "internal surfactant" type molecules as described in U. S. Patent 
5,352,726 of Oct. 4, 1 994 to Hall from column 7 line 59 through column 
9 line 28, which portion of said patent is hereby incorporated herein by ref- 
erence, except to any extent that it may be inconsistent with any explicit 
statement herein. 

The ratio by weight in a preferred acrylic copolymer resin of residues from 
components (A) through (C) as defined above preferably is. with increasing pref- 
erence in the order given, 1 .0 : {1 0 - 80} : {3 - 50}, 1 .0 : {1 5 - 65} : {6 - 40}, 1 .0 : 
{24 - 50} : {8 - 25}, or 1 .0 : {30 - 38} : {1 2 - 1 8} for the ratio (A) : (B) : (C). Inde- 
pendently, when component (D) is used, its amount preferably is, with Increasing 
preference in the order given, 0.2 - 5.0, 0.4 - 2.5, 0.6 - 1.8, or 0.8 - 1.2 % by 
weight of the total of all the other monomers used in the monomer mixture. 

Still more preferably, component (B) of monomers as defined above pref- 
erably includes at least one selection from each of the following subcomponents: 
(B, 1 ) esters of methacrylic acid with alcohols having 1 , 2, or 3. most preferably 

1 , carbon atoms per molecule of alcohol; and 
(B.2) esters of acrylic acid. 

When both subcomponents (B.I) and (B.2) are present, the ratio by weight of 
(B.2) to (B.I) preferably is, with increasing preference in the order given. {0.7 - 
2.5}: 1.0. {1.0-1.8}: 1.0, or {1.3-1. 5}: 1.0. Yet more preferably, subcompon- 
ent (B.2) includes at least one selection from each of the following sub-subcom- 
ponents: 

(B.2. 1 ) esters of acrylic acid with ethyl and/or methyl alcohol; and 

(B.2.2) esters of acrylic acid with propyl and/or butyl alcohol. 

When both sub-subcomponents (B.2.1) and (B.2.2) are present, the ratio of 



PCTAJS97/02667 

WO 97/30794 

' (B 2 1) • (B 2.2) preferably is, v«lh increasing preference in the order given, 1 .0 
■ (0 3 - 3.0), 1.0 : (0.5 - 2.0), 1 ,0 : {07 - 1.5), or. 1 .0 , (0.85 - 1 .15). 

The niolea.lar»eiahl of ll« aco*: resinis nol nomially critical. Preferab- 
ly iK^ver, the acrylic resin has a molea.lar weigh, of 50,000 to 1,000,000. or 
preferably 100,000 to 1 ,000.000, as determined by gel pem«ation chromatogra- 
phy in tetrahydroturan, using polystyrene or polyacrylate ester standards. 

The coaling-forming resin eimilsion used liy the present Invention will typ- . 
ically be a resin emulsion as directly afforded by the usual emulsion polymery 
,ion methods. Also usable, however, are the resin emulsions afforded by the 
emulsltotion and dispersion in water of resin already prepared by various po- 

lymerizalion methods. , ' 

in the case of resin emulsions prepared by emulsion polymenzation, the 

p^,„«nzaUoo condtos are no. normally critically different ~ "^^^P^ 
ceI.resknownlnme«1,whichthereforeare^eferablyem^oyed. Oneexamp- 

. le of the preparation of a coating*aning resin errysion compnses ™nn,ng a po- 
tymerizalion reacUon in a mixlure of at least water, anionic and/or nor.on,c sur^ 
Ic^t, polymerization mutator, and monomer (resin component, as described 

The acid used in the present invenOon can be, for example, a. least one 
„ selection from fluozlroonio add, fluoUtanic acid, fluosllldo acW, fluobonc acd. 
Phosphoric acid, nitric add, and the liKe, but hydronuoric aad - Pr^;"* , 

The oxidizing agent used in the p^sent Invention ,s exempl*ied by hydro 
gen peroxide, potassium permanganate, sodiun ni.rl.a, and U« llRe; hydn^gen 

. "'""^r^rlpoundforsupplyingthemetalionsusedbythepresen. 
mventKx, . not nom«lly critical, but this compouid must be stable in the s^ 
eoatmg cor^i.^. Examples o, the source compound are feme fluoride feme 
Ite ferroTs phosphate, oobaltous ni.ra.e, and t^ liKe; ferric fluoride ,s pre- 

„ "^ Tf^resmcontent in the autodepositing waterborne coating composition 
used by the preset invention is ;,efe«bly from 5 to 550 grams per liter (here,n- 
Trlall abbreviated as -g/L, ar. more preferably from 30 to 100 g/L, ,n 
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' each case measured as the resin solids concentration. 

Also, independently for each concentration noted, in an autodepositing 
waterbome coating composition used by the present invention: The acid concen-^ 
tration is preferably from 0.1 to 5.0 g/L and more preferably from 0.5 to 3.0 g/L; 
5 the oxidizing agent concentration is preferably from 0.01 to 3.0 g/L and the con- 
centration of the metal ion source compound Is preferably from 0.1 to 50, more 
preferably from 0.5 to 20. still more preferably from 1 .0 to 10. and yet more pref- 
erably from 1 .5 to 4, g/L. 

As an optional component, the autodepositing waterbome coating compo- 
10 sition used in the present invention /nay also contain a film-forming aid for the 
purpose of reducing the minimum film-forming temperature and facilitating fusion 
and adhesion of the deposited resin particles. This film-forming aid is exempli- 
fied by trialkylpentanediol isobutyrate, the alky! Carbitols™. and the like. Pig- 
ment is another optional component that may be present in the composition, for 
15 example, carbon black, phthalocyanine blue, phthalocyanine green, quinacridone 
red, Hansa yellow, benzidine yellow, and the like. 

Dipping, spraying, etc.. preferably dipping, can be employed to bring the 
autodepositing waterbome coating composition used in the present invention into 
contact with the surface of the laminated motor core. Neither the treatment tem- 
20 perature nor the treatment time are particularly critical, but suitable conditions for 
dipping are dipping for 30 to 300 seconds and preferably for 60 to 180 seconds 
in the composition maintained at ambient temperature, for example, 18 **C to 25 
X. Any surfaces not desired to be coated, such as the distal end surfaces 2 
shown in Figure 1 . may be protected with wax. tape, plastic film, or some similar 
25 temporary protective coating as generally known in the autodeposition art. 

The resin film add-on by the coating composition to the surface of the 
laminated motor core is not always critical, but post-drying film thicknesses of 1 0 
to 40 micrometres are usually preferred. 

In addition, the motor core surface is ordinarily cleaned by degreasing and 
30 watier rinsing before application of the coating composition. Resin deposition on 
the motor core surface is generally followed by a water rinse. This water rinse 
can be carried out by placing the core in a water flow, but is ordinarily run by 

7 
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dippinginwaleratamblenttemperat^eforlOtoiaOseebnds., 

The thermal drying step is r». spedflcaily resWCed, but su,table cond,- 
are 5 to 60 minutes and pr^erably 10 to 20 minutes in a forced conveCon 
oven at an atmosphere temperature of 80 -C to 180 -C. 

Theusualhexavaiertchromiumcompounds,su*asd,*rom,caad, am- 

n«,ni»i dlchromate, and the like, are exan^s of the chromiun en^pioyed ,n the 

ct^mit^taini,^ ^ soiut.n optionaiV used by the present ,nv^^^ 

The Chromium concentration in this aqueous chromium soluUon ,s pre^e^ 
,r6m01U,20B/Lashexav^en.chro™um,TheaddiUonal presence of tn^^i. 

n^inthta<.eousct«»hiumso,utio P— in.™s.s.. 

«on performa^. Suitable conditions for contactihfl the uncured res,n f,lm with 
rCi.n^'.^a^tueoussolutionaredippingfor 3010180 seconds ,n 

I^^lLata^entore^edte^ra^. 

resin film - without a water rinse - is dr^ by heatmg ustng he abov^ 
ledcondit^U.^e^^ec.rlc^llnsula^a™-"'"'"'-'-'^^^^^^^ 

' r^Illdofthepr^inven^.x.r.-y'*'^*"'''^'^"'''"^^ 
a nnxA/ripr oaint or a conventional paint. 

r:rr^meta.lonselu,ed,r<».t.me.als^ace by etching aaon^^^ 
. -pa..es..coa.^»n.--^^^^^^^^^ 

'rilaHerthe,inald,V».o,.heur^redresin«m,whichresu,.s.^^^^ 

ration of an insula«ngf,lm «im excellent insulating properties. In particular, 
„ :n:Sr.pre,^blyselectedsothat.hedrledresin,i.mina,h^^^ 

Ismllo^^esh^avo— v^^^^ 
enceintheordergiven.3.0x10^^5.0x10 .7.0x10 .a 
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ohm centimeters. 

A coating composition and process using it according to this invention are 
preferably selected so that the thickness of the dried insulation film formed by the 
process, on a sqrface including t>oth at least one interior corner and at least one 
5 substantially planar surface, in the interior corner of the surface coated having 
the deepest recess (or in one of such corners, if there are a plurality of such 
interior comers with equally deep recesses) has a thickness that is at least, with 
increasing preference in the order given, 75. 80, 85, 90. 95, or 100 % of the 
thickness of the insulation in a direction perpendicular to a substantially planar 
10 part of the same coated surface coated in the same process. 

The invention will be explained in greater detail below through working 
and com|!>arative examples. 

Examples 

The following methods were used to evaluate the properties 
15 reported below, unless otherwise stated below. 
Coating thickness 

A test motor 6ore specimen as shown in Figure 1 was cut across two of 
the projecting poles 1 at a position that was interior to distal ends 2 and accord- 
ingly intended to be covered by windings 3 as shown in Figure 2 before the core 
20 is used in an actual motor. The insulation thickness was measured on part of an 
insulation-covered planar surface of the pole, as exemplified by dashed line X-X 
in Figure 2, and in an interior corner where the same planar surface meets an 
interior arcuate surface as exemplified by dashed line Y-Y in Figure 2. 
Apoearance 

25 After coating, a test specimen was visually inspected in order to measure 

the number of defects, e.g., swelling of the coating, cracking, and poor hiding by 
the film. The result of this inspection is reported below on the following scale: 
+ + : no defects (swelling, cracking, or poor hiding); 
+ at least one but fewer than five defects; 

30 X 5 or more defects. 

Insulation performance test 

This test evaluated the practical quality of the insulation of the portion of 

9 
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' the motor core over which the conductive windings are placed. The test speci- 
men had.48 distinct areas for testing.-one on each of -the four sides of each pro- • 
iecting pole 1 as shown in either of the drawing figures. The coating at the center 
of a coated test specimen was peeled off. and the thus-bared center was con- 
nected to the negative pole of a test needle. The positive pole of the test needle 
was scanned over the winding region of the motor core in order to detenn.np the 
number a of distinct areas along any portion of which current leakage occurred. . 
The insulation perfom^ance was evaluated through the defect ratio = a/48 and/or 
by the percentage equivalent of this defect ratio = 100a/48. The measurement 
instrument was an insulation resistance meter Model FI-901 from Nippon Tech- 
nat CO. . Ltd. using an applied voltage of 500 volts (hereinafter usually abbreviat- 
ed as "V"). 

Mrntnr'^r^n^ 9f th« vQ'""'® resistivity^ 

1 Method: according to Japanese Industrial Standard K 691 1 . 

2 Measurement instrument: Advantest™ R8340A Ultra High Resistance 
Meter with an Advantest™ R12704 Resistivity Chamber as electrode. 

3 Measurement method and conditions: The test specimen was installed 
and the volume resistivity of the coating in ohm-cm was measured using 
the following procedures: 

i. 0 externally applied V during 30 seconds (heieinafter usually 
abbreviated as "sec") of discharging 

ii. 600 externally applied V during 60 sec of charging 
ili. 0 externally applied V during 30 sec of discharging. 

A monomer mixture of 2 parts (denoting weigh, parts here and betow) o^ 
methacryno acid, 28 parts o, methyl methacrylate. 30 parts of "^/Wtrtle^^ 
parts of ethyl acrylate. and 20 parts of butyl aoylate »as mixed with 1.0 part 
acrylate ester-fype reactive surtactan. (i.e.. 1.0 weight based on *e total 
of the above-listed r«e n™n»ners), 03 part of ammo .urn P-suifat-^^;;^ 
„ 399,6 parts of water. Emute*.n polymerization was then run for 4 f»urs a. 75 C 
by the usual method toyieid resin emulsion with 20% of resin sol,ds. The resn 
was cooled to 40 X, and Its pH was adjusted with 25 % aqueous ammon,a to 
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' from 5 to 8 to give the coating-forming resin emulsion. 

Constituents of sample autodepositing waterborne coating composition (\) 

Component • . Concentration in g/L 

the above-described 
6 coating-forming resin emulsion ' 280 

film-forming aid A 4.00 

hydrofluoric acid 0.70 

ferric fluoride , 3,00 

hydrogen peroxide 0.10 

15 + deionized water to make a total of 1 L. 

The film-forming aid A consisted of trialkylpentanediol isobutyrate 
molecules. Its addition gave a minimum film-forming temperature of about 20 •'C 
for the composition. 
20 Example 1 

The test specimens were motor cores as shown in Figure 1 that had been 
fabricated by laminating a plural number of magnetic steel sheets by pressing. 
These were subjected to a preliminary cleaning. The autodepositing waterborne 
coating composition prepared using the recipe given above was maintained at 

25 a bath temperature of 20 ^'C to 22 X, and the test specimens were coated by 
dipping for 60 seconds. This was followed by a water rinse, by dipping in deion- 
ized water for 60 seconds, and then drying for 20 minutes in a hot-air oven at 
180 ^'C. The test specimens were subjected to the various coating performance 
tests. 

30 Example 2 

While the autodepositing waterborne coating composition described for 
Example 1 was maintained at a bath temperature of 20 X to 22 ^'C. preliminarily 
cleaned test specimens as described for Example 1 were coated by dipping for 
120 seconds. This was followed by a water rinse by dipping in deionized water 
35 for 60 seconds and then drying for 20 minutes in a hot-air oven at 1 80 X. The 
test specimens were subjected to the various coating performance tests. 

II 
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Fxamole 3 

While the autodepositing waterborne coating composition described for 
Example 1 was maintained at a bath temperature of 20 X to n 'C. preliminarily 
cleaned test specimens as described for Example 1 were coated by dipping for 
1 80 seconds. This was followed by a water rinse by dipping in deionized water 
for 60 seconds and then drying for 20 minutes in a.hot-air oven at 180 'C. The 
test specimens were subjected to the various coating performance tests. 

■ While the aulodeposiling waterborne coaling composition descnbed for 
Exan^ 1 was mar«eimd at a bath temperetu« of 20 -C to 22 «C. preliminarily 
cleaned test specimens as described lor Example t were coaled by dipping for 
60 seconds. After a water rinse by dipping in deionized water for 60 seconds, 
the test specimens were d».ped for 60 seconds in an aqueous solution that con- 
tai^dAgfl-Ofhexavalentchromlum. This was followed, without subiedingthe 
coating to a-x.mer water rinse, by drying fo^ 20 minutes in a hol^ir oven at 180 
•C. The test specimens were subjected to the various coating perionnance 

tests. 

^"^ile the autodepositing waterborne coating composition desaibed for 
. Example 1 was maintained at a bath ter,H»ra.ure of 20 'C to22 -C, preliminarily 
LnL test spedn^ns as desaibed for E«mple 1 were coated by d,pp,ng^r 
90 seconds. Afler a water rinse by dipping in deionized water for 60 seconds, 
me tesl specimens were dipped for 60 seoo^is in an aqueous solution that con- 
,ai,»d 4 g/L 0. hexavalen, dtromium. This was followed, without ^^J^ 
„ coating to another water rinse, by drying for 20 minutes in a hot-air oven at 180 
t. L test specimens were subjected to the various coating perfonnance 

tests. 

^"^le the eutodeposKing waterborne coating composition described for 
. Exan*le1wasma.itaineda.abatht«.perat^eof20-Cto22-C,p.eiiminarly 

InL test specimens as described for Example 1 were coated by rppmg or 
180seconds.Alterawater rinse by dipping in deionized water for 60 seconds. 
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' the test specimens were dipped for 60 seconds in an aqueous solution that con- 
tained 4 g/L of hexavalent chromium. This was followed, without subjecting the 
coating to another water rinse, by drying for 20 minutes in a hot-air oven at 180 
•C. The test specimens were subjected to the. various coating performance 
5 tests. 

Comparative Example 1 

The surfaces of preliminarily cleaned test. specimens were coated with a 
primer (II) (main component = epoxy resin) to a thickness of about 20 micromet- 
res on the planar regions of the cote element on which windings are later to be 
10 placed. This was followed by drying for 20 minutes in a hot-air oven at 200 *C. 
The test specimens were. subjected to the various coating performance tests. 
Comparative Example 2 

The surfaces of preliminarily cleaned test specimens were coated with a 
primer (main component = epdxy resin) to a thickness of about 20 micrometres 
15 on the planar regions of the core element on which windings are later to be 
placed. This was followed by drying for 20 minutes in a hot-air oven at 200 •^C. 
The test specimens were removed from the oven and a ceramic paint, consisting 
of silicate-modified polyether resin, was coated on the primer to a thickness of 
about 40 micrometres. This was followed by drying for 20 minutes in a hot-air 
20 oven at 220 ^'C. The test specimens were subjected to the various coating 
performance tests. 
Example 7 

The following test was run in order to compare the insulating properties 
of acrylic resin emulsions with those of vinylidene chloride resin emulsions. 

25 The test specimens in each test were preliminarily cleaned cold-rolled 

rectangular steel sheet (Type SPCC. 70 x 100 x 0.8 mm). The test specimens 
were coated by dipping in autodepositing waterborne coating composition A or 
B maintained at a bath temperature of 20 X to 22 X. The constituents for 
compositions A and B, except for water which constituted the balance of both 

30 compositions, are given in Table 1 below. After dipping, the test specimens were 
. rinsed by dipping in deionized water for 60 seconds and then dried in a hot-air 
oven. The volume resistivity in ohm-cm was then measured. 

13 
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TABLE 1 



Ingredient 



Concentration of Ingredient, g/L, in 
Composition; 



Acrylic res in emulsion as in Example 1 

Poly(vinylidene chloride} resin 
emulsion 



Film-Forming Aid A 



Hydr ofluoric Acid 
tlydro gen Peroxide 
Ferric Fluoride 



280 
none 



0.7 
01 
3 



B 

none 
140 



none 



0.7 
0.1 
3 



■Ras*1orExa.*les and Cc,mparis«, Ex«nples. except for Example 7 
,hat did not indude me use of a hexavalent chromiunvoontaining rinse of the wet 
::Zled««...re,^inTa.,e^res.,ts,c,Exa,npiest.a.^^.^^^^^^ 
„e us 0, a hexavatent chromium-containinB rinse of the wot autodepos ed 
coating are given in Table 3. ^ results for Example 7 are g,ven .n Tat^e 4. 



Measurement Type and Units 



TABLE 2 

Value of Measurement for; 




Alo ng Line X-X; 
Along Line Y-Y; 
Appea rance Rating; 

i««.. iation Defect Percentage; 

ft\>hrPviation in Table 2 
•Comp. Ex. r means "Comparative Example Number. 
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TABLE 3 . 



Measurement Type and Units 


Valueof Measurement for: 


. Example Number: 


4 


5 


6 


Cnroniiuin Ada-on» mg/m 


500 


450 


520 


rum tnickness in 
micrometres: 








Along Line X-X: 


12 


21 


33 


. Along Line Y-Y: 


14 


25 


37 


Appearance Rating: 


+ + 


+ + 


+ + 


Insulation Defect Percentage: 


0 


0 


0 



Abbreviation in Table 3 

"mg/m^" means "milligrams of stoichiometric equivalent as chromium metal added-on 
per square meter of surface coated." 



TABLE 4 


Film Thickness 
in Micrometres 


Volume Resistivity Value for Film Formed from: 


Composition A 


Composition B 


15 


1 .653 X 10^^ ohm centimeters 


3.060 X 10^^ ohm centimeters 


20 


3.002 X 10^^ ohm centimeters 


3.143 X 10^^ ohm centimeters 


25 


4.797 X lo'^ ohm centimeters 


3.794 X 10*^ ohm centimeters 



The following conclusions can be drawn based on Examples 1 to 7 and 
Comparative Examples 1 and 2: 

(1 ) Examples 1 to 3, which employed a coating method according to the pres- 
ent invention, provided a safe coating thickness in the corner despite a 
relatively small coating thickness overall, and thus provided excellent 
insulating properties even at small coating thicknesses. 

(2) In contrast to the preceding, a poor insulation performance was obtained 
in Comparative Example 1 , in which coating was executed by a conven- 
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, .mnd This required that the coating thickness be increased as 

.1 

formance. ^ chromium to the resin 

PvflitiDle 7 of the insulating properties of an acrync IB 

oave the better volume resBtiMly of ,1 .6 10 4.0 X I u 

C 4.0 « 10» ohm^ g»ven W the vinv,i<«ene cHor,de .ype. 

E«=*^l^'=^*^. „ ,„ ^ ^sent invention for gating .he surface of 
■ ^'^^'''^^""'•'^Itir^rng^v^exce.fer.-.eua.ingprop- 
laminated motor cores provides ^ V ^ ^ 

enies and at.^« same Ume ^^l^'J^^enUon method can provide a 
insulatl^ treatment operations. 

insulating properties. -.^nosed bv reductions in motor 

These effects satisfy the requirements imposed by 

size and thickness. 



2S 
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CI-AIMg 

1 , A method for forming an electrically insulating film on a metal surface that 
includes at least one interior corner, said method cpmprising steps of: 
(I) depositing an uncured resjn film on said surface by bringing the surface 
into contact with an autodepositing waterborne coating composition com- 
prising an emulsion of coating-forming resin, acid, oxidizing agent, metal 
ions, and water; and then 
(jl) drying said uncured resin film by heating. 

2 A method according to Claim 1 , wherein said coating-forming resin is a 
polymer or copolymer of at least one monomer selected from the group 
consisting of acrylic and methacrylic acids, esters of acrylic and methacrylic acids 
with alcohols having from 1 to 4 carbon atoms per alcohol molecule, and nitriles 
and amides of acrylic and methacrylic acids. • 

3. A method according to claim 2, wherein said coating-forming resin is a 
copolymer of a mixture of monomers consisting essentially of: 

(A) an amount of a component selected from the group consisting of acrylic 
and methacrylic acids; 

(B) an amount of a component selected from the group consisting of esters 
of acrylic and methacrylic acids with alcohols containing from 1 to 4 
carbon atoms per alcohol molecule; and 

(C) an amount of a component selected from the group consisting of acryloni- 
trile, methacrylonitrile, acrylamide, and methacrylamide; and, optionally, 
one or more of the following components: 

(D) an amount of a component selected from the group consisting of "internal 
surfactant" type molecules; 

(E) an amount of a component of film-forming aid organic liquids; and 

(F) an amount of a component of colorant dye or pigment. 

4. A method according to claim 3. wherein the amount of component (A) has 
a ratio by weight to the amounts of components (B) and (C) that is 1 .0 : {1 0 - 80} 
: {3 - 50} for the ratio (A) : (B) : (C). 

5. A method according to claim 4, wherein the amount of component (A) has 
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a .a,io b, weigh, ,o me an«^ o. ccnpcne* (B) ^ (C) ma. i,' 1 .0 : (30 • 38) 

• {1 2 - 1 8} for the ratio (A) : (B) : (C). • • 

6 Amett^d according lo claim 6. wherein component (D) is present in t.^ 
Lo— and»»amounto,componen.(O,is*«n0.2.S^%W«e,gM 

0, total 0. all me other monomers used in the monomer mrxtu... ^ 

7 A method a««rtin9 to claim 5, wherein the amount o, component (D) ,s 
Lo.8.T2%W«e-^<X««'ota,o,al,.heo.hermono^usedlnthemon- 

omer mixture. . . 

8 Amet^ according to claim 4. wherein c».ponen. (D) is present ,n .he 
, monom::ixtureand.ea™.totcomponent^>is.rom^a^^^^^ 

o, the total o, ai, the other monomers used ^ me monomer mixture. 

a A memod according to claim 8. wherein the amount of component (D) ,s 



9 
fr 

omer mixture 



. ~Ling-aim,0,wherein:.s.^^^^^^^ 

taast «,e interior comer having a deeper ^^^'^^^ ^ace 

-^r'^rrjr— r:::rmedriedinsu,a.. 
rr:r::rocesshasa.hi.ness^ 

. areaanda.c.r^sinl.«.^ne^^ — 

hav»^ me deepest recess such that said u» ^^^i, area, 

inters coner is ^ teast 90% o. the m^ss over me si^tan^^aily p 

,2 AmemodaccordlngtoanyoneCclain^l through9,where.^mes^^ 
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the dried insulating coating formed in the process has a thickness over the 
substantially planar area arid a thickness in. its thinnest part within the interior 
corner of the surface having }he deepest recess such that said thickness in its 
thinnest part wifhin the interior 'corner is at least 90% of the thickness over the 
substantially planar area. 

13. A method according to claim 12, wherein the dried insulating coating 
formed has a thickness of at least 15 micrometres and a volume resistivity of at 
least 3x10''^ ohm centimeters. 

14. A method according to claim 11, wherein the dried insulating coating 
formed has a thickness of at least 15 micrometres and a volume resistivity of at 
least 3x10^^ ohm centimeters. 

15. A method according to claim 10. wherein the dried insulating coating 
formed has a thickness of at least 1 5 micrometres and a volume resistivity of at 
least 3 >c 1 0"*^ ohm centimeters. 

16. A method according to any one of claims 1 through 9, wherein the dried 
insulating coating formed has a thickness of at least 15 micrometres and a 
volume resistivity of at least 3 x io^^ ohm centimeters. 

1 7. An article of manufacture comprising a metal surface coated by a process 
according to claim 16. 

18. An aqueous liquid autodepositing composition comprising an emulsion of 
coating-forming resin, acid, oxidizing agent, metal ions, and water, wherein: 

said coating-forming resin is a copolymer of a mixture of monomers 
consisting essentially of: 

(A) an amount of a component selected from the group consisting of 
acrylic and methacrylic acids; 

(B) an amount of a component selected from the group consisting of 
esters of acrylic and methacrylic acids with alcohols containing 
from 1 to 4 carbon atoms per alcohol molecule; 

(C) an amount of a component selected from the group consisting of 
acrylonitrile, methacrylonitrile, acrylamide, and methacrylamide; 
and 
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«.ount of a component selected from the group consisting of 
(D) anamountofacomp optionally, one or more 

■•internal surfactant" type molecules, ana. op y _ 

components (B) and (C) that IS i.u x 

..t^m\sfrom0.2-5.0o^byweightoflhetotalof ' 
the amount of component (D) IS from u.^ 
the amo ^^^^^^ ^^^^^e 

all the other monomers usea in " , ^ i a 

• :..o.s,M...— ^^^^^^^^^^^ 

„„„^ (B) and (C) lha. « rO M ■ I ^ ,^,3, 

. andWan»un.o.componen.(D,,5fron,a8J^ 
„ tt«„mer monomers usee in the monco^rm^. 
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1/1 



5 




FIG. 2 

SUBSTITUTE SHEET (RULE 26) 
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